Aim: Hemoglobin (Hg) variability, which is frequently seen in patients with chronic kidney disease (CKD) who undergo dialysis, has been shown to be associated with increased mortality and cardiovascular disease (CVD) , but its mechanism remains unclear. Increased oxidative stress and inflammation with uremia lead to the development of anemia. In this context, we aimed to investigate the relationship between Hb variability and oxidative stress and inflammation. Material and Method: The data of 114 patients followed by dialysis service of Gaziantep University were included in this study retrospectively. Myeloperoxidase (MPO), nitrotyrosine (NTY), total antioxidant capacity (TAC), interleukin-6 (IL-6), Hs-CRP, and plasminogen activator inhibitor-1(PAI-1) levels of the patients whom we divided into 6 groups according to their Hg variability were measured. A control group (n = 30) was also formed demographically and clinically appropriate to this group. Results: The mean MPO, NTY, IL-6, Hs-CRP, and PAI-1 levels were higher in the dialysis patients than in the control group, whereas TAC levels were lower. Prooxidant, inflammation and procoagulant activity levels were lower in the Group 6 (Hg>12) and the Group 3 (stable, Hg=11-12 gr/dl) but higher in wide Hg variable group (Group 5) and Group 1 (Hg <12 gr/dl). Discussion: Oxidative stress, inflammation, and procoagulant activity, which are associated with higher CVD and mortality were found to be high in wide Hg variable and anemic groups in patients who underwent dialysis. The present study has a valuable finding in terms of elucidating the possible mechanism of increased mortality in patients with wide variable Hg course.
Introduction Anemia, one of the most common complications of chronic kidney disease (CKD), is one of the major etiologic factors for cardiovascular disease (CVD) risk, which is the most important cause of morbidity and mortality [1] . Positive effects of correction of anemia on cardiovascular abnormalities, especially in left ventricular hypertrophy have been shown. It has been recently reported that overcorrection of anemia increases the risk of CVD [2] . In addition to adverse effects on the clinical outcome of anemia and its overcorrection, it is known that the variability of Hg in CKD, especially in dialysis patients, has a negative effect on morbidity, hospitalization, and mortality in recent years [3] [4] [5] . In dialysis patients, Hg variability was common and 6 different Hg groups were defined in various retrospective studies: Hg level continuously lower than 11 g / dl, Hg level occasionally lower than 11 g / dl and occasionally 11-12 g / dl (variable group close to lower limit), Hg level constantly 11-12 g / dl (stable) , Hg level sometimes higher than 12 g / dl and sometimes between 11 and 12 g / dl (variable group close to upper limit), Hg level sometimes lower than 11 g / dl, occasionally over 12 g / dl and occasionally between 11 and 12 g / dl (wide Hg variable group) and hg level constantly higher than 12 g / dl (normal) [6] . The highest morbidity and mortality was reported in the anemic group and in the wide Hg variable group, while the patients with stable Hg levels between 11-12 g / dl were reported to have the lowest morbidity and mortality. The reasons for the different morbidity and mortality data and the detailed mechanisms of different hemoglobin pathways are unknown. While many factors are implicated in Hg variability, increased oxidative stress and inflammation seem to play a role in uremic patients. On the other hand, increased oxidative stress and inflammation are one of the well-defined factors that cause an increase in endothelial dysfunction and procoagulant activity, accelerating the atherosclerotic process and increasing CVD. In this context, the levels of these abnormalities can be different in groups with varied Hg courses, which are likely to be related to the different morbidity and mortality as shown in epidemiological studies. However, there is no published work in the literature regarding this subject. In our study, we assessed prooxidant (myeloperoxidase [MPO], nitrotyrosine [NTY]), antioxidant (total antioxidant capacity [TAC]) markers and inflammation (interleukin 6 [IL-6] Hs-CRP) and procoagulation (plasminogen activator inhibitor type 1 [PAI-1] activity) markers in 6 groups of dialysis patients with different HG courses and aimed to investigate their effects on Hg variability. We suggest that evaluation of these parameters associated with higher CVD in uremic patients may provide potential information in explaining the morbidity and mortality mechanism in patients with wide Hg variability and may be the basis for future prospective studies.
Material and Method Patients
This retrospective study was conducted in single-center of our university in Turkey. The present study was approved by the Independent Ethics Committee of our university. All procedures performed in this study involving human participants were in accordance with the 1964 Helsinki Declaration and its later amendments. All patients were informed about the procedures and informed consent was obtained. Total of 114 patients (69 females, 45 males) with end-stage renal disease (ESRD) who were on hemodialysis (HD) program for 3 days a week for 4 hours at the Nephrology Department of Gaziantep University Medical Faculty Hospital are included in our study. A control group consisted of 30 healthy (18 female, 12 male) people with matching age, gender and body mass index (BMI). The mean age of the patients with ESRD was 49.69 ± 15.4 and the control group was 49.72 ± 4.15. The average duration of dialysis in HD patients was 28 months. The causes of renal failure in the HD patient group were following: chronic glomerulonephritis in 16 patients, chronic pyelonephritis in 4 patients, obstructive uropathy in 3 patients, amyloidosis in 3 patients, polycystic kidney disease in 4 patients, HT in 36 patients and DM in 48 patients. Patients with recent past infections, collagen tissue disease, vasculitis, neoplasia, drug use affecting these HD parameters, smokers, patients using vitamin E and vitamin C were excluded from the study as these factors affect the parameters evaluated in this study. The control group had no renal insufficiency and it was noted that the controls were similar to the patient group in terms of demographic data, DM and HT, which are known to affect oxidative stress, inflammation, and PAI-1 levels. Individuals with any drug use and who had collagen tissue disease, vasculitis, recent infection, CVD were not included in the control group. The Hg values of the HD patients for the last 6 months were retrospectively recorded and based on previous studies. HD patients were divided into following 6 groups according to the Hg course [6] : Group 1 (patients with a continuous Hg level below 11 gr/dl), Group 2 (Hg level is occasionally between 11-12 gr/dl and occasionally below 11 gr/dl (variable group close to the lower limit)), Group 3 (with Hg level between 11-12 gr/dl), Group 4 (Hg level was occasionally between 11-12 gr/dl and occasionally higher than 12 gr/dl (variable group close to the upper limit)), Group 5 (with wide Hg variable group), Group 6: (with continuous Hg level above 12 gr/dl). Blood samples were taken for PAI-1 assays, routine biochemistry, complete blood count, oxidative stress markers (MPO, NTY, TAK), inflammatory markers (IL-6, Hs-CRP), and post-transfusion biomarkers, results were recorded after history and physical examination of all HD patients and control group. Blood samples were taken immediately before the dialysis session.
Measurements and Methods
Blood samples (10 ml) were taken from all the involved patients and from the control group into polypropylene tubes containing 1 ml of 0.109 m trisodium citrate and centrifuged at 4000 rpm for 10 minutes, after which the supernatant was taken up to polypropylene tubes and stored at -70 0C until the study.
Serum MPO level was measured by Immunoassay (Immunoassays AG, Bensheim, Germany), enzyme immunoassay (ELISA). NTY level was similarly determined using the ELISA method with "Bioxtech, Oxisresearch, USA" device. TAC was measured by the colometric method developed by Erel and expressed in terms of mM Trolox eq / L unit. Serum IL-6 levels were studied by the "a human IL-6 ELISA kit (Ultra Sensitive ELISA; R & D systems Inc. USA). Serum hs-CRP level was measured by a nephelometric method using the Cardiophase hs-CRP kit (mg/l) in the Dade Behring Nephelometer 100 analyzer using the precise CRP method. PAI-1 activity was measured by the "Chromogenic Assay (Biopool, Sweden)" method.
Statistics
Continuous variables were expressed as mean ± S.D. Student's t-test and Mann-Whitney U test was used to compare continuous variables whereas chi-square was used to compare categorical variables. Pearson analysis was applied in the correlation analysis. P <0.05 was considered statistically significant and analyzes were done with SPSS, version 22.
Results
When demographic and clinical data were analyzed in 114 HD patients and 30 control groups studied, there were no significant differences in terms of age, sex, body mass index, the percentage of diabetic and hypertensive patients, LDL cholesterol levels and the proportion of patients receiving antihypertensive drugs (p>0.05). Table 1 summarizes the demographic and clinical data of all patient groups and the control group. Positive correlation was found between MPO and IL-6, Hs-CRP and PAI-1 activity (r 0.283, r 0.324, r 0.434, respectively, p <0.001), and between NTY and IL-6, Hs-CRP, PAI-1 activity (r 0.212, r 0.246, r 0.312, respectively, p<0.001) of HD patients, whereas negative correlation was detected with TAC, these parameters (IL-6, Hs-CRP and PAI-1 activity) (r -0.236, r -0.186, r, -0.386, respectively, p<0.001). The mean levels of MPO, NTY, TAC, IL-6, Hs-CRP and PAI-1 activity were compared in the patient group and the control group (Table 2) . HD patients were divided into 6 groups according to the Hg levels as a result of the retrospective screening of last 6 months. The mean levels of oxidative stress markers (MPO, NTY, and TAC), inflammation markers (IL-6, Hs-CRP) and thromboticfibrinolytic system determinants (PAI-1 activity) detected in these groups are shown in Table 3 . The mean MPO levels of HD patients were higher than those of the control group (p< 0.001) In HD patient groups MPO level was the highest in Group 1 while the lowest in Group 6 (p = 0.042). The closest MPO level to group 1 was found in Group 5, which was a wide variable group (p = 0.31). The mean MPO level in Group 3 (hb: 11-12 stable) was lower than in Groups 1, 2, 4 and 5 ( Figure. 1) . The mean levels of NTY were higher than the control group (p <0.001), similar to MPO. The closest value to the control group was found in Group 6 and Group 3. There was no significant difference between Group 1 and 5 NTY levels (p = 0.56) and it was significantly higher than all other groups. There was no statistically significant difference between Group 3 and 6 NTY levels (p = 0.43) but it was lower than other groups (Figure 1 ). The level of TAC was significantly lower in the patient group than in the control group (p<0.001). The lowest value was detected in Group 1 while the highest value was found in Group 6 (p = 0.047). There was no significant difference between TAC levels between Group 1 and Group 5 (p = 0.46). Group 5 had TAC levels lower than Group 3, 6 and control groups. TAK levels were higher in Group 3 than Group 1, and 5 ( Figure 2 ). HD patient groups were higher than the control group (p <0.001). The highest value for IL-6 was found in Group 1 while the lowest value was found in Group 6 (p = 0.065). In Group 3, the IL-6 level was lower than Group 1 (p = 0.02) but higher than Group 6 (p = 0.03), however, there was no statistically difference with other groups (all parameters p> 0.05) (Figure 3) . The Hs-CRP levels of the patient groups were higher than the control group (p<0.001). The highest value among the groups was in Group 1 and the lowest value was in Group 6 (p = 0.64). Group 1 Hs-CRP levels were also significantly higher than the other groups (all p values were p <0.05), but there was no statistically significant difference in Hs-CRP levels between groups 2,3,4,5 and 6 (all p values were p> 0.05) (Figure 3 ). PAI-1 activity levels in hemodialysis patients were higher than the control group (p <0.001). PAI-1 activity level was highest in group 1, while group 6 was the lowest (p = 0.032). The closest group to group 1 was group 5 while the closest group to group 6 was group 3 (p = 0.54 and p = 0.78, respectively) ( Figure 2 ). 
Discussion
It is known that uremic patients under hemodialysis treatment with anemia and Hg variability were shown to have increased hospital admission, CVD event, morbidity and mortality rates [7] [8] [9] [10] . The relationship between oxidative stress, inflammation and increased procoagulant activity and cardiovascular disease has been described in uremic patients. Oxidative stress and inflammation determinants have not been studied in patients with different Hg variability up to now, although it is known that oxidative stress and inflammation may play a role in the development of Hg variability [11] . In this study, we examined the Hg courses in 6 groups as defined in previous studies and assessed the levels of prooxidant (MPO, NTY), antioxidant (TAC), inflammation (IL-6, Hs-CRP), procoagulation (PAI-1 activity) markers.
We showed that the anemic groups and wide Hg variable group had the greatest prooxidant, inflammatory, and procoagulant markers, while the groups with stable Hg course and high Hg course had the lowest levels. Figure 2 . The graphics of mean total antioxidant capacity and plasminogen acivator inhibitor-1 levels Figure 1 . The graphics of mean myeloperoxidase and nitrotyrosine levels, MPO: myeloperoxidase, NTY: nitrotyrosine, TAC: total antioxidant capacity, IL-6: interleukin-6, Hs-CRP, PAI-1: plasminogen acivator inhibitor-1 Figure 3 . The graphics of mean interleukin-6, and Hs-CRP leves It was shown that morbidity and mortality are the lowest in uremic patients with stable Hg levels between 11-12 g / dl [7] . However, there are difficulties in keeping the above-mentioned narrow ranges of Hg level in conditions with complicated pathogenesis like CKD and accompanied by many comorbid conditions. There are two major difficulties in the treatment of anemia in CKD. One of them is difficult to reach the target value, and the other is the difficulty of staying on the target. In a study conducted by Ebben et al. it was found that only 6.5% of the dialysis patients had stable Hg values during 6-month follow-up [12] . It was emphasized that many factors affecting Hg variability were identified and the most effective factors were infection, inflammation, oxidative stress, comorbid conditions and EPO and iron use habits [8] .
It is well known that in chronic renal disease, the level of oxidative stress resulting from the reduction of glomerular filtration rate and the proxidan-antioxidant balance in favor of prooxidant is increased. These anomalies become more evident in patients undergoing dialysis. Patients in the HD program are at higher risk of oxidative stress increase than patients who undergo peritoneal dialysis. The extracorporeal characteristics of dialysis in patients with HD program and the uremic abnormalities as well as common risk factors such as DM, HT, and dyslipidemia associated with renal failure appear to be the most important cause of this frequency. In addition, it is known that oxidative stress levels in dialysis patients are closely related to inflammation, endothelial dysfunction, and thrombotic vascular complications [13] [14] [15] [16] [17] . Similar to previous studies, our study showed that prooxidant activity, which is defined by MPO and NTY levels in HD patients, is higher than the control group and that antioxidant level defined by TAC is lower than the control group in HD patients. In our study, it was also found that PAI-1 activity levels which are important determinants of thrombosis and endothelial dysfunction, and IL-6 and Hs-CRP, inflammation markers, were higher in HD patients than in the control group. In our study, the parameters which showed oxidative stress, inflammation and thrombosis tendency of dialysis patients with stabilized Hg levels (11-12 gr/dl) defined as Group 3 were found to be closest to Group 6 (Hg> 12) and control group. The MPO, NTY, PAI-1 activity levels of this group were found to be lower than the Group 1 (anemic) and Group 5 (wide Hg variable group), whereas the TAC level was higher. Levels of IL-6 and Hs-CRP were found to be lower than Group 1 in particular. When these data are evaluated together, it is seen that stable Hg levels have more positive effects on oxidative stress, inflammation, and endothelial-thrombotic determinants compared to low and variable Hg levels. This may contribute to elucidate the unexplained mechanism of the lowest mortality level in Hgstabilized patients, as reported in the literature in recent years. It may be assumed that this positive effect we have found in our study is due to the fact that it is not exposed to increased and decreased repetitive tissue perfusion with fixed Hg levels and that the assumed tissue may be protected from perfusion stress and impairment. Since it is considered that tissue hypoxia, oxidative stress, inflammation, endothelial dysfunction, thrombosis, fibrosis, and CVD-mortality cycle are positively affected in this group, it is essential that the markers of oxidative stress, inflammation and thrombosis are lower and the antioxidant capacity is higher. When these data are evaluated together with the fact that the mortality rate of the patient increases in dialysis patients, oxidative stress, inflammation, and PAI-1 elevation are related to mortality and antioxidant treatment decreases mortality, it is clear that it will provide important contributions to explain the cause of low mortality seen at stable Hg levels. In our study, 22.8% of the patients showed broad fluctuations of Hg level. There are many reasons for this. In our study, the levels of MPO, NTY, IL-6, Hs-CRP and PAI-1 activity were higher in Group 5 than all patients except for the anemic group and the TAC level was lower. When the data showing that morbidity and mortality were the most in the anemic group was evaluated together with the data that studied parameters of the anemic group was the closest to the wide Hg variable group, it can be said that it provides useful information for the explanation of the aforementioned mortality increase in this group. Although it may be argued that the possible cause of increased morbidity and mortality in this wide Hg variable group may be related to the variability of the recurrent tissue perfusion, its mechanism has not been fully explained. The results obtained in our study are the first data on this subject. Oxidative stress, inflammation and procoagulant activity associated with CVD and mortality are evident in this group, which seems to be a possible mechanism of increased mortality. In this sense, it is clear that the data we have obtained will contribute to the literature in the interest of understanding the mechanism of increased Hg fluctuation-mortality increase.
Conclusion
Oxidative stress, inflammation, and procoagulant activity markers were found to be high in the wide Hg variable group and the anemic group, while low in the Hg stable and anemic patients in the uremic patients with hemodialysis program. Oxidative stress, inflammation, and procoagulant activity associated with CVD and mortality seem to be the likely mechanism of increased mortality in groups with variable Hg course. This data is valuable for explaining one of the possible pathogenetic relationships; on the other hand, prospective studies with longer follow-up time are needed. 
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